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METHOD AND DEVICE FOR 
TRANSMITTING MIXED ANALOG AND 

DIGITAL SIGNALS BY THE SAME 
TRANSMITTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a process of mixed 
analogue and digital radiobroadcasting making it possible to 
ensure the transition betWeen conventional amplitude 
modulation radiobroadcasting systems, for example, and 
digital radiobroadcasting systems. It applies in particular to 
the production of a transmitter broadcasting in the short 
Wave range. 

2. Discussion of the Background 
For reasons of a technical, political or economic nature, 

radiobroadcasting transmitters currently used for the radio 
broadcasting of programs using amplitude modulation can 
not be adapted overnight to the broadcasting of programs in 
digital form. This suggests, for a relatively long transition 
period, the coexistence of tWo systems, one digital the other 
analogue, Which broadcast the same programs. This solution 
Would appear to be very expensive and rather undesirable 
since it implies that, at the end of this transition period, half 
the transmitters used for analogue transmission Will have to 
be discarded. 

The purpose of the invention is to remedy this situation. 

SUMMARY OF THE INVENTION 

To this end, the subject of the invention is a process of 
mixed analogue and digital radiobroadcasting of a radio 
phonic transmission broadcast by one and the same trans 
mitter and intended to be received either by amplitude 
modulation receivers or single-sideband receivers and 
digital type receivers adapted for the demodulation of multi 
subcarriers, characteriZed in that it consists in transmitting a 
composite signal Whose frequency spectrum is composed of 
a ?rst analog spectrum representative of the amplitude 
modulation or of the single sideband and of a second 
spectrum composed of the multi-subcarriers, the ?rst and 
second spectra occupying tWo disjoint frequency bands. 

Its subject is also a device for implementing the aforesaid 
process. 

The advantage of the invention is that it alloWs simulta 
neous analog and digital radiobroadcasting by one and the 
same transmitter of a transmission Which can be received 
equally Well by an amplitude-modulation receiver available 
on the market Without it being necessary to modify it or 
change it, as by a receiver ?tted With a digital signal 
demodulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other characteristics and advantages of the invention Will 
become apparent from the folloWing description given in 
conjunction With the appended draWings Which represent: 

FIG. 1 illustrates the spectral occupancy of a digital 
transmission conveyed on a single carrier, compared With 
that obtained in a digital transmission of identical bit rate 
conveyed on a large number of subcarriers. 

FIG. 2 illustrates the frequency spectrum of a Wave 
modulated in accordance With the knoWn principle of ampli 
tude modulation. 

FIG. 3 illustrates the frequency spectrum of a Wave 
modulated in accordance With the knoWn principle of single 
sideband Wave modulation. 
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2 
FIGS. 4 to 7 illustrates various examples of the generation 

of a composite signal according to the invention. 
FIG. 8 illustrates an embodiment of a device for imple 

menting the process according to the invention. 
FIG. 9 illustrates an embodiment of a device for regulat 

ing the level of the residual carrier making up the device of 
FIG. 8. 

FIG. 10 illustrates the general shape of a frequency 
spectrum obtained by implementing a regulating device in 
accordance With FIG. 9. 

FIGS. 11a, 11b and 11c illustrates temporal Waveforms of 
the carrier Without or With modulation of the carrier residual 
obtained With the device of FIG. 9, as a function of the 
amplitude of the audiofrequency signal to be transmitted. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

To ensure simultaneous radiobroadcasting by a single 
transmitter of one and the same program Which can be 
received equally Well by analog radio sets as by digital radio 
sets, the transmission signal is produced according to the 
invention by modulating a composite signal Which is the 
sum of the audiofrequency signal and of a digital signal 
obtained by multi-subcarrier modulation of the audiofre 
quency signal. The frequency spectrum of the digital signal 
is formed in the manner represented by curve Aof FIG. 1 by 
a large number of regularly spaced subcarriers Which are 
modulated independently of one another according to a 
multiple phase state modulation process of the type knoWn 
for example as QAM standing for “Amplitude modulation 
on tWo quadrature paths”. The frequency spectrum obtained 
occupies a bandWidth B” Which is the sum of the frequency 
spectra of all the subcarriers. By virtue of the narroWness of 
the frequency spectrum of the individual subcarriers, the 
frequency spectrum of the digital signal as a Whole appears 
to be very Well delimited in frequency space, unlike the 
spectrum represented by curve B in FIG. 1 Which is that 
obtained With a single-carrier digital modulation process. 
The analog signal is transmitted using the knoWn pro 

cesses of double-sideband amplitude modulation or single 
sideband, abbreviated SSB, amplitude modulation. In the 
case of amplitude modulation, also abbreviated to AM, the 
analogue signal is obtained by amplitude modulation of a 
pure carrier, taking proper care that the amplitude of the 
modulated signal never vanishes. In accordance With this 
type of modulation, a signal to be modulated S(t) gives rise 
at the output of a transmitter to a signal of the form cos 
(2J'cFOt) (SO+S (0) Where S0 is a bias guaranteeing a positive 
amplitude and F0 is the frequency of the carrier. The 
frequency spectrum is formed as shoWn in FIG. 2 by tWo 
frequency bands each representing the spectrum S0) of the 
signal S(t) Which are arranged symmetrically With respect to 
the frequency F0. In this process, the poWer conveyed by the 
carrier residual represents 70% of the total poWer 
transmitted, While the carrier residual does not by itself 
convey any information, the useful information being con 
tained entirely in each of the spectra Sm. 

In accordance With the single-sideband type modulation, 
the spectral croWding obtained is as shoWn in FIG. 3 reduced 
by half. The modulation Which may be vieWed as amplitude 
modulation is ?ltered so as to alloW through only one of the 
tWo halves of the frequency spectrum together With little or 
no carrier residual. The reduction in the transmission poWer 
varies as a function of the fraction of carrier residual. If this 
residual is eliminated completely, the necessary transmis 
sion poWer, for equivalent range, is then only 15% of that 
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necessary for amplitude modulation AM. Unfortunately, 
since a straightforward receiver available on the market 
Would appear to be incapable of correctly demodulating 
such a signal in particular When the carrier residual is absent, 
transmission must consequently take place With a carrier 
residual so as to limit the distortion Which may invariably 
occur With an amplitude-modulation receiver. 

As FIGS. 4 to 7 shoW, the composite signal Which is 
transmitted according to the invention by a single transmitter 
is the sum of the analogue signal of bandWidth Ba and of the 
digital signal of bandWidth B”. In the alternative variants 
envisaged, the bandWidth of the signal S(t) is denoted B S and 
is much the same as the bandWidth BO. Bn denotes the 
bandWidth necessary for transmitting the bit rate of the 
digital signal associated With S(t). In all the variants of the 
spectral combinations envisaged, the high-pitched frequen 
cies of the spectrum S are arranged so as to be as close as 
possible to those of the digital signal. Thus, a possible 
inadvertent reception by an AM receiver available on the 
market of a feW of the frequencies contained in the digital 
signal can result only in localiZed noise in the high-pitched 
frequencies, this being a lesser evil because noise in the 
high-pitched frequencies is perceptually less annoying than 
in the loW-pitched frequencies and because an amplitude 
modulation receiver available on the market strongly attenu 
ates the high-pitched frequencies. 
Knowing furthermore that, for the same transmission 

range, the signal/noise ratio necessary for a digital trans 
mission is markedly less than that necessary for an analog 
transmission, the poWer conveyed by the digital component 
may be equal to or even less than that of the analog 
component, Which amounts to saying that the total poWer 
transmitted may be much the same as or less than that 
necessary for an amplitude-modulationAM transmitter con 
veying only the analogue signal. In FIGS. 4 to 7 the gap 
betWeen the frequencies F0 and F1 Which respectively rep 
resent the frequency of the carrier residual for the analogue 
and the central frequency of the digital is determined so that 
the total band, denoted Br, of the signal transmitted is 
compatible With the radiobroadcasting rules in use. 

It is also possible to envisage as shoWn by FIG. 5 that in 
a transition period, the transmission using amplitude modu 
lation AM of the digital signal alone may occupy on its oWn 
all the available band or else, as FIG. 6 shoWs, the simul 
taneous transmission using amplitude modulation of the 
analog and of the digital, it then being possible to regard the 
digital signal as a special “signalling” located beyond the 
high-pitched frequencies of the analog loW-frequency signal 
S(t). According to yet another variant represented in FIG. 7 
the transmission of the analogue signal using amplitude 
modulation AM or using modulation knoWn by the abbre 
viation VSB (Vestigial Side Band) to limit the distortion in 
the loW frequencies and of the digital in upper or loWer 
sideband. 

Adevice for implementing the process described above is 
represented in FIG. 8. This comprises a summator circuit 1 
coupled by a ?rst input to a ?rst modulation path composed 
of an audiofrequency coder 2, of a multipleXer 3 of data 
provided by the coder 2, and of service and auXiliary data, 
and of a multi-subcarrier modulator 4 Which are linked 
together in this order in series. Summator 1 is moreover 
coupled by a second modulation input to a second path 
composed essentially of a loW-pass ?lter 5. 

The output of the summator circuit 1 is coupled to the 
input of a modulation device 6 composed of an amplitude 
modulation AM modulator or single-sideband SSB modu 
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4 
lator. The modulated signal provided by the modulation 
device 6 is ?ltered by a sideband selector ?lter 7. A regu 
lating device 8 is coupled betWeen the output of the loW-pass 
?lter 5 so as to regulate the residual carrier level provided by 
the modulation device 6. The latter is composed in the 
manner represented in FIG. 9 of tWo paths. A ?rst path 
comprises a device for estimating the minima of the signal 
S(t) coupled to a ?rst input of a subtractor circuit 10 by Way 
of a loW-pass ?lter 11. A second path is composed of a delay 
circuit 12 for delaying by a speci?ed duration T correspond 
ing to the duration of the processing of the signal S(,) in the 
?rst path, coupled to a second input of the subtractor circuit 
10 by Way of a multiplier circuit 13 for multiplying by a 
target value 9. 
The output of the subtractor circuit 10 is linked to a 

control input of the modulation device 6 of FIG. 8. The 
signal S(t) is applied in accordance With this con?guration 
simultaneously to the respective inputs of the device for 
estimating minima 9 and of the delay device 12. The 
regulating device 8 makes it possible to limit the Wastage of 
energy represented by a large carrier residual, by continu 
ously adjusting this residual as a function of the instanta 
neous poWer of the signal S(t). When the poWer level of the 
signal S(t) is of loW poWer, the distortion is utterly negligible. 
For the other values of the signal S(,) the distortion is brought 
to an acceptable level. To do this, the minima of the signal 
S(t) are estimated continuously and ?ltered by the loW-pass 
?lter 11 Whose cutoff frequency is for eXample 10 HZ so as 
to be inaudible and the value obtained is delayed by the 
delay T and is assigned a gain g less than 1 before being 
subtracted from the signal S(t). 
The frequency spectrum of the resulting analogue signal 

emitted at the output of the selector ?lter 7 then has the shape 
represented in FIG. 10, the carrier residual being modulated 
With a very small bandWidth. 

Temporal Waveforms of the carrier Without and With 
modulation of the residual are represented in FIGS. 11a, 11b 
and 11c as a function of the amplitude of the signal S(t). 
What is claimed is: 
1. A process of transmitting miXed analog and digital 

signals by one and the same transmitter and intended to be 
received either by amplitude-modulation receivers or single 
sideband receivers and digital type receivers adapted for the 
demodulation of multi-subcarriers, said process comprising: 

transmitting a composite signal Whose frequency spec 
trum includes a ?rst analog spectrum representative of 
an amplitude modulation or of a single sideband and of 
a second spectrum including the multi-subcarriers; and 

regulating a residual-carrier level of the miXed signal, 
Wherein the ?rst and second spectra occupy tWo disjoint 

frequency bands, 
Wherein the spectrum of the analog signal is one of an 

amplitude-modulated signal, a single-sideband 
modulated signal, and a VSB modulated signal, and 

Wherein the spectrum of the digital signal includes a 
speci?ed number of regularly spaced subcarriers Which 
are modulated independently of one another according 
to a multiple phase state modulation process. 

2. The process according to claim 1, further comprising: 
placing the spectrum of the digital signal in a frequency 

band alongside frequencies corresponding to high 
pitched frequencies of an original analog frequency 
band. 

3. The process according to claim 2, further comprising: 
simultaneously transmitting the analog and digital signals 

using amplitude modulation. 



US 6,418,300 B1 
5 

4. The process according to claim 2, further comprising: 
simultaneously transmitting the analog signal using 

amplitude modulation and the digital signal using 
single sideband. 

5. A device for transmitting miXed analog digital signals, 
comprising: 

a summator circuit coupled by a ?rst input to a ?rst 
modulation path and a second input to a second modu 
lation path; 

said ?rst modulation path including an audiofrequency 
coder, a multiplexer and a multi-subcarrier modulator 

6 
Which are linked in this order in series, and said second 
path including a loW-frequency ?lter; and 

a regulating device coupled betWeen an output of the 
loW-pass ?lter and an output of the multi-subcarrier 
modulator so as to regulate the residual-carrier level 
provided by the modulation device, 

Wherein an output of the summator circuit is coupled to an 
input of a modulation device having an amplitude 
modulation or single-sideband modulator. 

* * * * * 


